In addition, the cosmic particles contain a large percentage .of volatile elements like oxygen and carbon, which, when deposited at Earth, mostly blend unnoticed into the atmosphere. However, for the outer-solar-system planets they contribute to the deposition of water and/or carbon dioxide molecules that may not otherwise exist in the upper atmospheres of these planets. Each planet's interaction with the interplanetary particle population is different due to its unique atmosphere, size and position in the solar system. The biggest contrast in the effects of the ablated meteoric material is between the outer planets (Jupiter, Saturn, Uranus and Neptune) with reducing atmospheres, and the inner terrestrial planets (Venus, Earth and Mars) with oxidizing atmospheres. This paper describes some of these differences in the atmospheric and ionospheric consequences of the constant rain of interplanetary dust particles (IDPs). In this paper IDP refers to any cosmic particle with radius less than -1 cm regardless of its origin.
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I. Properties of Dust in Solar System
Accurate quantitative predictions of the effects of IDPs on an atmosphere require a knowledge of the IDP mass and velocity distributions at the planet. Extensive radar and visual meteor observations and spacecraft measurements provide information on the velocities, total impact flux and mass (size) distribution at the Earth [Griin et al., 1985; Love and Brownlee, 1993; Taylor, 1995] . Knowledge of the IDP spatial density and velocity distribution decreases the further one goes from Earth. Spacecraft-borne dust detector measurements from around the solar system combined with zodiacal light observations partially constrain the particle flux as a function of heliocentric distance [e.g., Leinert and Griin, 1990; Griin, 1994] . However, the spacecraft data contain only a small number of events and sample a range of particle sizes that may miss a sizeable portion of the population. Because of uncertainties in the mass flux and other properties of IDPs at planets other than the Earth, measurements of atmospheric and ionospheric phenomena related to IDPs provide valuable benchmarks for testing the realism of the assumed IDP distributions.
Comets and asteroids are believed to be the main source of the inner solar system IDPs. The asteroidal component is not as important in the outer solar system, where ice-rich particles should be more numerous. An IDP will impact an atmosphere with a velocity between the escape velocity of the planet and a maximum value [Opik, 1958;  see Table 1 ].
The maximum
speed is that of a particle on a retrograde parabolic orbit around the Sun in a head-on collision with the planet (combined with gravitational focusing by the planet). Interstellar material with greater velocities has been observed but is not likely to be a significant contributor to the deposited mass [Grim, 1994] . Note from Morerefinedmeasurements of the IDP distribution functions andtheirphysical characteristics throughout the solar system areneeded. Atcurrent levels ofunderstanding, models ofatmospheric consequences should beconsidered asorder-of-magnitude estimates ratherthanasprecise, quantitative predictions.
Ablation Process
A fast moving meteoroid heats as the kinetic energy of colliding atmospheric molecules is converted into internal energy. The same collisions can also sputter material off the surface [Johnson, 2002] . This energy transfer causes melting and evaporation of surface material off the particles [Opik, 1958] 1973; Hunten et al., 1980; McNeil et al. 1996; Grebowsky and Pesnell, 1999] . where cc is -3-4 for chondritic materials [Bronshten, 1983] .
This source of ionization is particularly significant for planets withlarge escape velocities (seeTable1)andfor high-speed meteor streams. It isnotimportant forparticles inthesporadic background entering theatmospheres ofthe lowmass terrestrial planets. Photoionization will alsoionizethe ablated neutral atoms. Thewavelengths oftheionization thresholds ofthe metalsextendfrom~1500 A for Si to -2700A for K [Swider, 1969] . Depending upon theatmospheric composition andpressure profile,thewavelengths of thesolar spectrum thatcanionize specific neutral meteoric species mayormaynotbeabsorbed above theablation region. The importance of this mechanism varies from species to species because of the differing ionization potentials, and the photoionization rate depends on the distance from the Sun. Also, because the ionization potentials of metal atoms are low compared to the ionization potentials of ambient ionospheric species (see Table 2 ), charge exchange with ionospheric ions is another mechanism for ionizing the neutral metal atoms [Swider, 1969] . The importance of this ionization source depends on the magnitude of the ambient ionospheric ion concentrations in the ablation region.
The chemical loss processes for the meteoric ions and the dynamical rearrangement of the ions will differ from planet to planet. A simple balance between these loss processes and ion production, including the effects of diffusion, would produce a single ion layer in the ablation region. Complexities are introduced by ionosphere dynamics whose importance is established for Earth; converging ion drifts due to combining neutral wind drag or electric fields with a magnetic field produce very narrow ion layers (see review by Kelley, [1989] , and the modeling of Carter and Forbes, [1999] ). One can assume with confidence that the terrestrial dynamic processes alsoapply, butto different degrees, to theother planets withmagnetic fields. Theverystructured lowaltitude layers observed atJupiter (seeFigure la) and similarcomplexities observed at Saturn [Klioreet al., 1980] and Neptune [Lyons, 1995] have been attributed to such processes.
Neutral Processes
Not all of the ablated material is ionized. Although both atoms and molecules evaporate from the IDP, subsequent atmospheric collisions will tend to break the molecules into component atoms [Opik, 1958] Model studies for Mars [ Pesnell and Grebowsky, 2000a] and Venus [Pesnell and Grebowsky, 2000b] [McNeil et al., 1996; Grebowsky and Pesnell, 1999] 
4.OUTER PLANETS
Occultations of radiosignals fromspacecraft provide evidence for verystructured andtimevarying ionospheres ontheouter planets (see review byKar [1996] [Kimet al., 2001] and Neptune [Lyons, 1995] are shown in Figure 3a and 3b. Both calculations assume a cometary composition for the ablated IDP atoms. The incident meteoroid mass flux for the Jovian calculation in Figure 3a is the terrestrial influx value of 1.5 Figure 3c ) on Titan comparable to those of the background ionosphere produced by photochemistry.
The I-D average model ionospheres in Figure 3 and the model for Saturn have Mg ÷ and/or Fe ÷ as the major lowaltitude ion. Kim et al. [2001] and Moses and Bass [2000] also modeled local time variations for Jupiter and Saturn, respectively.
They found double-layer ionosphere structures (as in Figure 3b ) that were most prominent just before dawn. Noll et al., 1986; Marten et al., 1993] .
The definitive evidence for influxes of atmospheremodifying material on planets other than Earth was the discovery of H20 in the stratospheres of all the giant planets and CO2 on Jupiter, Saturn, and Neptune [de Graauw et al., 1997; Feuchtgruber et al., 1997; Bergin et al., 2000] . Intrinsic water vapor on the outer planets will condense deep in the tropospheres and should not observed in the stratospheres. Also although CO2, like CO, may be transported upwards from the deeper regions in which it is thermodynamically stable, the predicted CO2 mixing ratios in such a scenario are much smaller than what is observed [e.g., Lellouch et al., 1998 ]. Therefore an external source is needed [e.g., Feuchtgruber et al., 1997] and the most likely source is meteoroid ablation [Moses et al., 2000] . Modeled IDP effects in the Saturnian atmosphere from the latter study are shown in Figure 4 . [Lutzet al., 1983] , CO2 [Samuelson et al., 1983] , and H20 [Coustenis et aL, 1998] in Titan's atmosphere suggests an extraplanetary supply of oxygen. Ip [1990] and English et al. [1996] show the credibility of this interpretation by modeling the meteoroid- Planet. Space Sci., 21, 1317 -1332 , 1973 Hinson et al., 1998] 3From Yung and DeMore [1999] . Due to changes with altitude, the actual mixing ratios are not listed.
41ncludes orbital velocity of Triton around Neptune. 
